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Abstract 

The fields of environmental epidemiology and analytical chemistry should work more closely together and, 
with careful planning, could result in the two discrete disciplines complementing each other in a most positive way. 
Some of the methods for sampling air and its subsequent analysis have been described and analytical measurements 
have been compared with subjective assessments. Some real world exposure values for respirable suspended 
particles and environmental tobacco smoke in Hong Kong and Beijing have been contrasted with those for Barcelona 
in Europe. Time weighted average concentrations were discussed arid cumulative frequency distributions compared 
between cities. 

1. Introduction 

Most epidemiological studies are based on observational information and epidemiologists often do not have 
the benefit of measurable precision when considering and comparing exposure groups. Results are therefore nearly 
always skewed in some way with information bias being one of the major sources of error introduction (1). 

When using questionnaire data, a subject's ability to accurately recall information is questionable, as is the 
use of measuring equipment without strict calibration protocols. Both are major considerations if the integrity of the 
data is to remain intact. The introduction of such bias cannot be eliminated by conventional data analysis and the 
magnitude of the bias can be very significant. Therefore because of the inherent weaknesses associated with being 
solely reliant on questionnaire data, exposure or dose measurements shouid be a major consideration when designing 
epidemiological studies. Because these studies are planned to assimilate data over a period of several years it is also 
important to consider performing measurements of exposure on a number of occasions during the study period. 

2. Epidemiology 

It has been said that epidemiologists *Vatch the world as it is and accept the interplay of numerous factors 
influencing phenomena they are trying to study” (2). Chemists on the other hand try to measure everything relevant 
to their research and attempt to understand phenomena in the simplest way by monitoring systems that are totally 
isolated from external influences. By joining forces, large scale epidemiological studies have benefited from data 
provided by chemists when assessing exposure levels to harmful pollutants both in the environment and in human 
tissue. 

As a health science, epidemiology is the study of the distribution of disease in populations and factors, 
including life style information, associated with the distribution. Epidemiology therefore focuses on groups of 
people and not on individuals. Characterisation of disease distribution can be by person, place and time. 

Risk factors increase the probability of disease. Epidemiologists look for and identify associations between 
risk factors and disease and assess these associations for signs of cause. The time from exposure to onset of disease 
must be taken into consideration when assessing the cause. A link between any risk factor and disease is shown by 
an increase in risk relative to those groups without the risk factor present (Relative risk) or by the proportion of 
disease associated with a given risk factor (Attributable risk). 

The major independent variable for the determination of relative risk is exposure and, to be of any value, 
environmental epidemiology studies depend very much on the integrity of the exposure calculations. 

General consideration must be given to the following problems associated with exposure estimation: 

2.1 Technical measurement 

- expense 

- lack of knowledge of environmental behaviour 

2.2 Entry into the body 

- several routes to consider 

inhalation (very important) 

ingestion 

skin absorption 
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, 2.3 Source of exposure 

These may he multiple sources e.g. 

- benzene from petroleum sources (outside) 

- benzene from smoking (inside) 

- lifestyle will therefore be important 
2.4 Population size and time frame 

- large numbers of people for long periods of time 

- median values or geometric means etc. 

Presently there is very little information available on the relative importance of the different types of 
summary statistics available for exposure estimation. 

3. Analytical chemistry 

Technological improvements in detection systems used for the analysts of pollutants in our environment 
enables chemists to measure smaller end smaller quantities. These improvements in detection limits have shown that 
some compounds are ubiquitous having been measured in our food, water, air and our tissues. So today, although we 
have a far more complete picture of the many trace contaminants and pollutants associated with everyday life, we 
have not improved our understanding of the significance of these trace level compounds. The health effects of these 
trace pollutants involves the Interpretation of risk assessment derived from well designed epidemiological studies. 

4. Air Sampling 

Almost 200 air pollutants are currently causing concern in the USA. We have an endless choice of what ws 
drink and also what we eat but when it comes to the air we breathe we have no choice. 

4.1 Problems associated with air sampling 

• unique medium 

• samples can differ significantly due to wind changes 

• emission sources and their timings 

• analytes can be reactive and at very low concentrations 

• can be distributed between two or more phases e.g. gases, solids, liquids 

• low concentrations complicate the analysis of samples e.g. large volumes may have to be collected increasing 
the presence of interferents during analysis. 

4.2 Representative Sampling 

Large variations in analyte concentrations over relatively short time periods are common with air samples. 
Consequently this may lead to unrepresentative sampling. 

Important considerations for obtaining representative air samples include: 

« The efficiently of the collection apparatus 

• Integrity of the entry and removal of the sample from the apparatus 

• The sampling site or location 

• The collection period (time) 

« Use of personal monitors versus ambient fixed monitors 

The most widely used procedure for sampling ambient air for volatile compounds is to pass measured 
volumes of air (typically measured in litres) through solid material which adsorbs the compounds of interest. 
Desorption takes place prior to analysis. 

For less volatile compounds, that may be phase distributed, particle filters are used and subsequently- 
extracted prior to analysis. Personal sampling pumps are a reliable means of collecting air samples. They draw air 
through sampling devices such as resin tubes, filters and impingers and have adjustable flow rates. 

Non-volatile compounds such as dusts or elemental carbon etc. with high molecular weights are sampled in 
the same way. PM|g samplers or similar collect particles with a mass median diameter of 10 microns from ambient 
air. Particles of this size represent the respirable fraction and therefore are of major significance, 

5. Subjective assessments of exposures. 

During the course of the last two years twelve major cities have been investigated by this author and 
research co-wOrkers for respirable suspended particles (RSP) and environmental tobacco smoke LETS) exposure in 
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nonsmoking housewives and nonsmoking office workers. On average 200 volunteers, representative of each city, 
wore a personal monitor over a 24 hour period. 

Before commencing, the study volunteers were asked to complete lifestyle questionnaires including 
comments on their current and previous smoking status. To verify their answers regarding their nonsmoking status 
ail volunteers provided saliva samples prior to and following completion of the monitoring period. The saliva 
samples were analysed for cotinine, a metabolite of nicotine. Smokers recruited across Europe in eight countries 
were shown to have median cotinine levels from ISSngmL' 1 (Barcelona) to 329ngmL"‘ (Lisbon). Typically 
nonsmokers have cotinine levels below 10 ng mL' 1 (3), For these studies 25 ng mL' 1 was chosen as a discriminatory 
value to ensure that genuine nonsmokers who may have been exposed to higher levels of ETS (4) were not excluded. 

In every city, despite comprehensive questioning, volunteers misreported their nonsmoking status. Table 1 
lists the percentage of volunteers who misreported their nonsmoking status. 

If these data are examined by pooling the data for ail cities then 136 volunteers out of 2575 had cotinine 
levels above 25ngm' 1 (5.3%). If questionnaire data is aiso taken into consideration this figure rises to 7%. 
Misreporting was at its highest in Portugal and Spain and at its lowest in Italy and the Czech Republic. This level of 
misreporting nonsmoking status has significant implications during risk assessment relating to diseases potentially 
caused by tobacco smoke exposure. In a recent publication Barry (5) has reviewed cotinine as a marker of exposure 
to ETS and despite reservations cotinine is still the most widely used marker of ETS exposure (6). 

. The questionnaires used during these personal monitoring studies were similar to those designed for 
epidemiological investigations. They included questions On past exposure using a relative gradient of exposure to 
ETS based on ‘none’, ‘very low’, ‘low’, ‘medium’, ‘high’ and ‘very high’. In some cases (7) good correlations have 
been found between subjective assessments and measured exposures from personal monitors. Not surprisingly 
respondents do not take into consideration the length of time over which they are exposed. Using Hong Kong as an 
example, Table 2 lists the answers given by respondents to the single location where they believed they were most 
exposed to ETS. The subjective'scores are based on the mean of assigned values from 0 to 5 for ratings from 'none’ 
to ‘very high’ respectively. 

It is often the case that respondents change their minds or, following a more considered response, they vary 
their subjective answers. In Hong Kong, typical of other cities investigated, respondents reduced their exposure 
assessments after completing the monitoring period when compared with their assessment of the previous 6 months. 
These are shown in Table 3. 

A recent literature review (5) concluded that “exposure to ETS is not accurately measured by subjective 
evaluations communicated via questionnaires”. 

6. Personal exposures to RSP and ETS 

Barcelona features quite high up the list of European cities when assessing the level of exposure to RSP and 
ETS using personal monitoring equipment. Details of the statistical evaluation and some of the calculations possible 
from the 24 hour exposure study in Barcelona have been discussed in a recent publication (4). 

A comparison of the exposures in Barcelona with those measured in Hong Kong and Beijing are found in 
Tables 4 and 5. Stockholm has been included in the tables since it is at the lowest end of exposure levels of the cities 
measured to date. From those measured concentrations it is possible to calculate an amount of particles that may be 
inhaled by using a breathing rate and a time. Thus a dose can be caiculated say on an annualised basis. Although 
there are no standardised methods for calculating these doses, breathing rates of 0.85m 3 h"', the average of the 
breathing rates for awake males ( 1 .05m 3 h'') and females (O.GSr.rV) may be used for office workers. These rates are 
recommended by Holcomb (8). Additionally a residential time in, for example, the office per day/week/year will 
need to be established before finalising the calculations. 

7. Time weighted average (TWA) calculations 

Time weighted average (TWA) calculations are based on measured concentrations, using more than one 
personal monitor, and the operational time over which individual monitors were used. These TWA concentrations 
can then be represented using cumulative frequency distributions. Figure I shows these distributions for TWA RSP 
concentrations. The overall median RSP concentration in Beijing of approximately 100 pg m' 3 was five times higher 
than for Stockholm at less than 20 pg nf 3 . 

Similarly for ETS particle TWA concentrations. Figure 2 shows the equivalent cumulative frequency 
distributions. Again Beijing levels were significantly higher than Stockholm by a factor of about 10 based upon 
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fluorescing particulate matter (FPM) measurements for ETS particles. However when solanesol, an ETS specific 
marker, is used in place of FPM measurements and similar distributions are plotted (Figure 3) a different picture 
emerges. In this case Barcelona and Beijing show very similar distributions as do Hong Kong and Stockholm at 
lower levels. Therefore when measuring low concentrations of pollutants in air, the choice of methodology is vitally 
important in order to provide meaningful exposure information. 

8. Summary 

In future, epidemiological studies should be improved by the inclusion of accurate exposure assessments 
provided by the use of analytical chemistry. Exposures should be measured by personal monitoring on several 
occasions through the study period to account for any changes taking place in pollutant concentrations. Careful 
consideration should be given to the collection of the samples and the types of statistical information used for 
exposure calculations. Sampling should be accurate and representative of the population being studied. Subjective 
information from questionnaires is open to a fair degree of bias or error and answers should be carefully checked 
wherever possible. Subjective information should be used to complement accurate, verifiable, analytical data. 
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TABLE J 


City 

% Misreporting 
Nonsmoking status 



Rate 1* 

Rate 2** 

Stockholm, Sweden 

2.7 

S3 

Barcelona, Spain 

11.0 

19.6 

Turin, Italy 

1.6 

6.5 

Pans, France 

1.8 

4.7 

Bremen, Germany 

2.6 

2.6 

Lisbon, Portugal 

17.9 

18.3 

Basel, Switzerland 

9.7 

12.2 

Prague, Czech Republic 

1,7 

2.5 

Hong Kong, China 

5.4 

6.3 

Kuala Lumpur, Malaysia 

3.2 

4.0 

Sydney, Australia 

1.8 

2.8 

Beijinjt, China 

2.7 

2.7 

* Rate 1 The percentage of seif reported nonsmokers with saliva cotinine levels in excess of 25 ng ml/ 1 

** Rate 2 Addition of original self reported nonsmokers subsequently reporting themselves as smokers 

following provision of additional information eg video presentation. 


TABLE 2 


Assessment of single location where most exposure to Environmental Tobacco Smoke occurred (Hong Kong) 

Location 

% of Subjects 

Subjective Score 

Outdoors 

44% 

2.08 

Bar/Restaurant 

26% 

2.09 

Work 

7% 

0.72 

Home 

12% 

0.90 

Travel 

5% 

0.95 

Indoors ‘other’ 

1% 

1.48 

Never Exposed 

3% 

0 ' 


TABLE 3 

Subjective comparisons of exposures during monitoring period 
with those over previous 6 months. 


Survey 

Location 

n 

Much Less 
(-2) 

Less 

(-1) 

Same 

(0) 

More 

(1) 

Much more 
(2) 

Subjective 

‘"score** 

"Home Pump” 

Home/ Away 
from work 

184 

12% 

32% 

55% 

1% 

1% 

-0.53 

“Work Pump" 

Work 

117 

14% 

35% 

49% 

3% 

- 

-0.60 
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TABLE 4 

Housewives: median concentrations of ETS and RSP (jig m' 3 ) 




RSP 


ETS 


SH 


NSH 

SH 

NSH 


Barcelona 

63 


51 

11.0 

1.0 


Hong Kong 

46 


45 

0.12 

0.11 


Beijing 

100 


69 

7.3 

0.53 


Stockholm 

39 


18 

17 

0.12 



SH - smoking home 
NSH — nonsmoking home 


TABLES 

Office workers: median concentrations of ETS and RSP (pg m 0 ) 




RSP 


ETS 

SW 


NSW 

SW 

NSW 

Barcelona 

94 


52 

37 

2.6 

Hong Kong 

51 


38 

5.2 

0.51 

Beijing 

128 


85 

10 

0.54 

Stockholm 

16 


16 

1.2 

0.42 


SW = smoking workplace 
NSW = nonsmoking workplace 
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